Introduction
Common bone plate-screw-systems are made of stainless steel or titanium and are used routinely for internal fracture fixation. In recent years biodegradable magnesium based alloy implants become more important to reduce the inconvenience to the patient and treatment costs incurred by surgically removing the implant. Further advantages are mechanical properties almost similar to natural bone, higher stability and Young's modulus compared to conventional degradable materials like polymers. Previous studies compared different magnesium alloys where the alloy LAE442 showed the slowest degradation rate and a good biocompatibility [1] . For this reason a LAE442 plate-screw-system was used in this study and compared with surgical stainless steel. The degradation and biocompatibility behaviour was analyzed using µCT, X-ray, clinical and histological investigations.
Methods
The implants (Fig. 1) were especially designed and manufactured by the Institute of Production Engineering and Machine Tools (IFW) and Material Science (IW), Leibniz University Hannover, Germany. Besides approximately 90 wt% magnesium, LAE442 contains 4 wt% lithium, 4 wt% aluminium and 2 wt% of a rare earth mixture. The dimension of the plate with four countersunk holes was 31 mm x 6,4 mm x 1,8 mm and 2,8 mm in hole diameter.
The dimension of the screws was 6,1 mm (length), 4 mm (head diameter), 2,4 mm (outer diameter) and 1,66 mm (coer diameter)). Stainless austenitic steel implants (1.4441LA, similar geometry) served as control group. The plates were monocortically fixed on the medial surface of the tibia under general anaesthesia. The animals were treated with antibiotics and analgesics for 10 days after surgery. A daily clinical check (behaviour, bone changes and gas development), a weekly X-ray control and a biweekly µ-computed tomography scan (XtremeCT, (Scanco Medical, Zurich, Switzerland) of the Mg plates (resolution of 41µm) were carried out. A descriptive score was used to evaluate radiographic images. For µ-CT evaluation, the plate and the emerged gas were manually contoured each and the volume (mm³ / slice) was computed with the evaluation program (Evaluation Program V6.0) using thresholds of 138 and -1000 for bone and gas, respectively. Furthermore the density (mg HA/ccm) of the plates was calculated. After euthanasia the implants were explanted and histological cross-sections were prepared and evaluated after toluidine blue staining.
Results
Clinically massive gas formation (emphysema up to gas bubbles) was seen on all tibiae with Mg plates. The steel plate side showed no appreciable disease. Animal 4 was lame on the LAE442 side and animal 5 had to be mercy killed untimely after 4 weeks, because of severe lameness and bone reaction / lysis. To decrease the pressure on the skin the gas bubbles were punctured regularly if necessary over the whole time period. In the first two weeks the magnesium side showed severe soft tissue swelling and a fast increase in cortical bone reaction (like lysis) and in periosteal and endosteal bone formation. No or only slight changes could be found in the contralateral tibia.
In µCT all tibiae scanned showed high quantities of gas which were highest after two weeks implantation (Fig.2) . However, the punctures and thus investigator induced changes have to be considered while comparing these values. Both volume (Fig.2) and density (not displayed) of the plate decreased slightly. Plates stored less than four weeks (animal 5) tend to show a slightly albeit not significantly higher density than plates after a storage duration longer than six months. (LAE442 stored > 6 months: ~1300 mg HA/ccm and < 4 weeks: ~1400 mg HA/ccm). plate volume animal 2-5 gas volume animal 2-5 Figure 2 : µCT evaluation of the mean plate and gas volume (animal 1 was excluded from graphical depiction due to the lacking initial value; week 6 was not depicted due to the lacking values of animal 5)
Histologically bone reactions could be found around both plate types but distinctly more excessive around magnesium implants. In comparison to surgical steel the newly formed bone was less compact adjacent to magnesium implants and furthermore gas cavities with lysis in the surrounding bone occurred (Fig. 3) .
Discussion
The present study investigated whether magnesium platescrew-systems are applicable as degradable osteosynthesis implants. The treatment with NaOH to apply a corrosion protective layer had no significant effects (no slower gas accumulation or less bone formation). µCt evaluation showed only slightly decreasing values of volume and density and therewith indicate a slow degradation rate for LAE442 as it was published previously [1] . In contrast to this, the massive gas formation illustrated a higher degradation rate. Since the resolution of the µCT scanner did not allow for an identification of a most probably existing corrosion layer [2] a somehow higher degradation rate appears likely. The correlation between the degradation of the plate (decrease in volume and density) and the gas formation revealed by µCT was also described by e.g. Kraus et al. [3] . However in regard to the relatively moderate degradation and the previously published data [1] the high quantity of gas formation was not anticipated. Hence the same alloy degrades different in dependence of the implant geometry and localisation. In the present study the implant was situated in large soft tissue contact whereas most previous studies examined intramedullary implanted LAE442. Higher amounts of gas formation compared to intramedullary implants were already described for MgCa0.8 [4] if not in the same quantity. Considered all this, LAE442 plate-screw-systems are not applicable as plate-screw-systems yet and further research is needed to adjust especially the gas formation. Figure 3 : image sections of a LAE442 implant six 6 weeks postoperatively A) (with screw) and C) with gas cavities and bone lysis (square) and of a steel implant B) (with screw) and D) (toluidine blue staining)
